Background: Human saliva contains approximately 700 bacterial species but the relatedness of salivary bacteria from parents to adult children is not investigated in humans. The objectives were to investigate the entirety of salivary bacterial DNA profiles and whether and how families share these profiles and also compare these communities between adult parent-off-spring pairs using 16S rRNA gene amplicon sequencing.
18
The oral cavity is a major gateway for bacteria to enter the human body and a natural route for 19 passage to respiratory and gastrointestinal tracts. The oral cavity consists of a diverse and complex 20 community containing hundreds of different bacterial species. Saliva is a good candidate to study 21 human microbiota since the sampling is non-invasive and fast. Salivary microbiota can also be 22 distinguished from other oral microbiomes, such as gingival or tongue microbiome (10). It contains 23 approximately 700 different bacterial species (11) at an average density of 1.4 x10 8 organisms per 24 millilitre (12). Due to the abundance of bacteria and its' distinguished characteristics, it is easy to 25 build up individual bacterial profiles. Moreover, the microbiome in the mouth is considered more 26 stable than the one in the gastrointestinal tract and other microbial sites of the body (13). A 27 longitudinal twin study showed that there is a core oral microbiome that does not change over 28 time, but also that there is no difference between monozygotic and dizygotic twins, indicating that 29 genetics do not affect oral microbiome composition (14). However, the similarity of the oral 30 bacterial microbiome among adult family members is poorly known, and whether this bacterial 31 microbiome profile characterizes families. 32 Our aim was to study the relatedness of oral microbiome by amplifying the 16S rRNA gene from 33 salivary samples and to evaluate if similarity of salivary bacterial profiles is observed in parents 34 and their adult children and to assess the difference in bacterial community between parents and 35 their adult children.
37 Materials and methods
38 Study population 39 The study subjects were a family of three generations including ten adults, and an unrelated family 40 of two generations including four adults (Figure 1 ) (ethical approval by the Regional Ethics 41 Committee of the Expert Responsibility area of Tampere University Hospital, reference number: 42 R12217, and oral consent). Subjects were asked using a questionnaire about their general health, 43 smoking habits and living conditions. No DNA tests have been made to confirm relatedness, but 44 there are no reasons to doubt it. All adult children have shared household with their parents at least 45 until the age of 18 years. Both families live in the same area in Southern Finland in an urban or 46 suburban setting. All subject's living style, eating habits and healthcare have stayed similar to their 47 family, they also still frequently visit their family. All sampled subjects were used to study the 48 entirety and total bacterial genera of oral microbiota using NGS.
49 Figure 1 . A pedigree of the population used in this study. Family 1 (subjects 1-10) is located 50 on the left and family 2 (subjects 11-14) on the right. The squares denote males and circles females, 51 sample numbers are marked inside and ages (y) below the circles/squares. 52 53 Collection of saliva samples 54 Unstimulated saliva samples were collected into sterile plastic vials (Sarstedt AG & Co, 55 Nümbrecht, Germany). Samples were stored at -20°C and analysed within 18 hours. The subjects 56 were asked to not eat, drink or smoke (subject 13 was the only smoker) for two hours prior to 57 sampling. 
112
The quality control rate, Q30 %, for the run was 75.7 %. The total number of sequences obtained 113 in one single run from the analyzed samples was 5 293 569, the average number of reads per 114 sample was 182 536, and the average Shannon species diversity was 2.997 (SD=0.108). According 115 to the technical data from the sequences, sample 13 was left out from the data analysis due to the 116 low number of reads after pre-processing. Family transmission study was conducted in Family 1 117 for subjects 1-8 because only core families with both father, mother and all adult children present 118 can be used for family studies. Subjects 9 and 10 from family 1 were not used for transmission 119 study because they had two different fathers and comparison could not be made. Family 2 was not 120 used for transmission study due to lack of father. Moreover, even if dental health was not examined 121 in detail before sampling, no subjects apart from subject 11 claimed oral disease and no signs of 122 oral disease could be found in bacterial DNA analysis in other subjects. figure S3 . Overlaps with hypergeometric P-value were analyzed, indicating adult 148 children share more OTUs with mothers as compared to fathers but the difference in shared OTUs 149 decreased over time with the child aging ( Figure 2 , Table 2 ). 158 Among all significant taxa, 22 same taxa were observed in both databases, among the 10 most 159 significantly abundant taxa Peptostreptococcaceae, Megasphaera spp., Capnocytophaga spp. and 160 Slackia spp. were recognized in both databases. Overall, the taxa recognized by the databases were 161 relatively similar, but their RFD-values were for the most part not consistent.
162 Of the two databases, SILVA is older, and for long considered as the gold standard. SILVA 163 provides updated data sets of aligned small (16S/18S) and large subunit (23S/28S) sequences for 164 all three domains of life (Bacteria, Archaea, and Eukarya) (27), whereas HOMD is a relatively 165 new database, but has lately been used a lot in oral microbiome related articles (28-30). HOMD is 166 a smaller database, since the human oral cavity only consists of approximately 700 species, 167 whereof 400 are currently listed in HOMD. It is possible to go down to species level with this 168 phylogeny-curated database (31). The variety between results from databases can partly be 169 explained by the biases for each database, where certain bacteria genera or phyla is often 170 overrepresented, but also since assigning down to genera level from 16S rRNA gene sequences 171 can hide micro-heterogeneity and thus falsify OTU results (32). A set of universal primers was 172 used for amplification of bacterial DNA, however, no primer pair is actually universal, and thus 173 there is a possibility of DNA sequence dropout due to the primers, which are not amplifying all 174 sequences. 175 The main reason for similarity of microbiota between newborns and mothers is considered bacteria 176 that relocate from the birth canal during labor and from breast milk in infancy (33). The earliest 177 colonizers in the child's oral cavity depend on both surrounding microbes and antibodies inherited 178 from the mother. Thus, the greater similarity of maternal bacteria dates back to childhood and a 179 close physical contact between mother and infant. In contrast, to our knowledge, the stability of 180 bacterial transfer has not been studied in adulthood between adult mother-child pairs over 181 generations or by comparing oral microbial profiles of the adult child to the father's microbiome. 182 Previous studies (34-36) have focused on the development of the microbiome in children and 183 adolescents, but not on the resemblance of the microbiome in adulthood, as we have now done.
184 A study based on microbiome analysis of twin-pairs concluded that environmental factors provide 185 the greatest influence on oral microbial composition (14). Kort 
